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Abstract 
 
Information Technology (IT) has a profound effect on modern society. In the 
construction and real estate industry, the advent of IT has changed the way we 
design, build and manage buildings. To this end, the skill base of existing 
professionals will have to change. This paper aims to review the current IT needs of 
the construction and real estate industry through a survey of 70 construction and 
real estate firms in Singapore. It is proposed that in the short term, existing 
construction and real estate educators should incorporate more relevant IT modules 
in their syllabi. Continuing professional development in the area of IT applications is 
also needed for the professionals. In the longer term, a new Construction and Real 
Estate IT course is needed to meet the future IT needs of the construction and real 
estate industry.  
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1.0 INTRODUCTION 
 
Information Technology (IT) has a profound effect on modern society. The driving force behind 
this IT revolution is the convergence of computing and telecommunication technology. Improved 
computers of today have made information more portable and affordable. IT has enabled the 
globalisation of the economies and competition, and has subsequently brought about large-
scale changes in the industrial makeup of all the advanced industrial nations.  
 
In the construction and real estate industry, the advent of IT has changed the way we design, 
build and manage buildings. The benefits of using IT in the construction and real estate industry 
have been illustrated by a large number of studies (e.g. Betts, 1992; Brandon, 1993; Miyatake 
and Kangari, 1993; Teicholz and Fisher, 1994; Tucker et.al., 1994). Indeed, the penetration of 
computer applications into the construction and real estate industry has been gathering pace in 
recent years. Research has found that many business processes are now almost completely 
computerised and the tendency is towards greater computerisation of the remaining processes 
(Construct IT, 1995).  
 
In view of the changes in the business environment of the construction and real estate industry 
and the result of increased use of IT to automate and enhance processes, many of the skills of 
existing employees will have to change. Construct IT (1995) proposed two important issues to 
deliver the change required: 
• Increasing the information technology awareness of key decision makers 
• Developing industry training and education facilities 
 
Despite the need for more IT training and education in construction and real estate, not much 
research has been done on the type of education that is necessary to help the industry to 
achieve performance improvement. This paper aims to bridge the gap by reviewing the current 
IT needs of the construction and real estate industry and developing short term and long term 
strategies to meet those needs.  
 
 
 
2.0 THREE MAIN PILLARS OF IT APPLICATIONS IN CONSTRUCTION AND REAL 
ESTATE 
 
In presenting a vision of IT applications in the construction and real estate industry, Sarshar et. 
al. (2000) identified three main pillars that can support industry improvement. They are (1) 
improved communication, (2) reuse of knowledge and (3) reengineered development process.  
 
Communication 
A real estate development team needs to be tightly integrated, with its member communicating 
quickly and effectively in order to reduce waste and re-work, build faster and cheaper, and be 
cost competitive internationally. Integrated information, life cycle thinking, just-in-time 
information and visualisation, which are possible with the advancement of IT, are seen as 
possible ways to improve the communication amongst construction and real estate team 
members. IT tools such as Databases, Internet and Communication Technologies and Virtual 
Reality must thus be the basic IT knowledge and skills that should be developed in any 
proposed IT course for the construction and real estate industry.  
 
Knowledge 
Construction and real estate professionals need to use an increasing range of knowledge in 
order to meet customers’ rising expectations in term of performance and quality, and to remain 
technically competitive in an increasingly international market. With the advancement of IT, it is 
noted that essential knowledge can be preserved and reused efficiently. This can reduce the 
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time and cost wasted in storage and retrieving. Artificial Intelligence, Neural network and 
Simulation are IT tools that can facilitate the storage and reuse of knowledge. 
 
Process 
Graduates of the Construction and Real Estate IT course need to develop a holistic perspective 
of the construction process. Being able to see the whole is an essential factor for people to do 
an effective job (Vernadat, 1996). However, most construction and real estate professionals are 
promoted from areas with specific skills and bring with them a skewed view of the whole. For 
example, one may be more concerned with aesthetics while another believes that the solutions 
are to be found in cost management and yet a third focuses all his/her attention on facilities 
management. With the advancement of IT, technologies such as integrated database and 
development information modelling will become important in promoting a holistic perspective of 
the development process.  
 
 
 
2.1 Survey on IT Needs amongst Professions in Construction and Real Estate 
 
A survey was conducted to assess the likely IT applications that can be exploited for industry 
improvements. The survey questionnaire is structured in accordance to these three main pillars 
of IT applications. They are: 
 
1. Communications (Communications and Networking, Databases and Data Exchange, 
Virtual Reality and Simulation) 
 
2. Knowledge (Artificial Intelligence, Knowledge Management) 
 
3. Process (Integration and Information Modelling, Spatial Data Management, Computer 
Aided Design, Computer Aided Planning & Estimating) 
 
 
A total of 200 questionnaires were delivered to construction and real estate firms in May 2002 
by hand.  The sample was selected from the list of construction and real estate firms 
participating in Singapore Polytechnic’s Industrial Training Programme (ITP). Figure 1 shows 
the profile of the respondent firms. At the end of the survey, a total of 70 firms responded. This 
represents an overall response rate of 35%.  
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Figure I: Survey Responds by different professions 
 
 
An overwhelming majority of the firms surveyed are currently using computers in one form or 
other. In fact, most firms estimated that more than 50% of their business processes are 
adopting some kind of IT applications. Amongst the professions, Land Surveying and Architect 
have the highest usage of IT in their business processes with 87.50% and 83.46% respectively. 
Building construction scored the lowest amongst the profession in terms of IT usage with only 
52.89% of their business processes utilising IT applications. Table 1 gives the summary of IT 
applications amongst the professions.  
 
 
 
 
 
 
 
 
 
 
 
Table 1: IT Applications used by different professions 
 
Communication 
Based on the survey results, IT technologies in Communications and Networking were ranked 
the most important IT applications amongst all the profession (See Table 2). However, it is 
noted that other IT applications that can improve the communication process such as 
Databases and Data Exchange did not rank high in terms of importance and are not commonly 
used. VR simulation was ranked at the bottom of the spectrum. Viewed together with the results 
in Table 3, the results suggest that firms’ familiarity with technologies determine their perception 
of importance to their work. 
 
 
Main Business 
Activity 
% of IT usage  
Architect 83.46 
Engineering 67.86 
Quantity Surveyor 79.00 
Building Construction 52.89 
General Practice 68.89 
Land Surveying 87.50 
Total 66.11 
Breakdown of Firms by Main Business Activity
 
7.8%
3.1%
14.1%
10.9%
43.8%
20.3%
QS 
Land Surveying 
General Practice
Engineering
Building Construction
Architect
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IT Technology Importance in improving their work 
Communications/ Networking 86.12% 
Computer Aided Design 81.90% 
Computer Aided Costing & Estimating  69.50% 
Computer Aided Planning 66.98% 
Databases 66.77% 
Data Exchange 57.74% 
Integration 48.52% 
Geographical Information System 36.39% 
VR&Simulation 33.33% 
Artificial Intelligence 25.50% 
 
Table2: IT Applications Ranked by Importance 
 
 
IT Technology Currently used in their work 
Communications/ Networking 78.75% 
Computer Aided Design 72.18% 
Computer Aided Costing & Estimating  44.69% 
Computer Aided Planning 58.75% 
Databases 60.31% 
Data Exchange 45.94% 
Integration 47.18% 
Geographical Information System 34.37% 
VR & Simulation 31.56% 
Artificial Intelligence 36.56% 
 
Table 3: IT Applications currently used 
 
Knowledge 
Despite the increasing importance of knowledge management, it is largely ignored by the 
construction and real estate industry. In fact, it is noted that Artificial Intelligence, neural network 
and other forms of simulation were ranked low in the survey. Again, the reason could be 
attributed to the lack of understanding of how such IT technologies can be exploited.  
 
Process 
IT applications that fall under this pillar, (e.g. Integration and Information Modeling, Spatial Data 
Management, Computer Aided Design, Computer Aided Planning & Estimating) are generally 
ranked higher on the table in terms of importance in the future as well as its current uses. These 
IT applications are popular due to their nature of direct automation to construction and real 
estate processes. For example, CAD is widely used by Architects in their design because of 
benefits such as drawings can be stored digitally for easy access, use, edit etc. Similarly, 
Computer Aided Planning and Estimating are used specifically by Quantity Surveying firms 
because it automates the estimating and planning processes. The only exception is Integration 
and information modelings which are ranked lowly by the professionals. The reason for the 
unpopularity of such technologies could be attributed to its infancy in the construction and real 
estate industry.  
 
In summary, the survey results suggest that  
(1) Current IT technologies are adopted based on familiarity. Firms tend to adopt IT 
technologies that they are aware of or the benefits have been proven elsewhere. 
(2)  IT technologies will also be adopted if it can improve their current immediate processes. 
(3)  Important IT applications such as computer integrated environment and knowledge 
management are lacking 
 
Construction and Real Estate IT Education: Needs and Strategy  
 
ERES 2003 6
With such a current scenario, the implication is that in the long run, it will be a hindrance to the 
progress of the industry. To illustrate, currently each profession is working in their on discipline 
and compartment. They will adopt IT in their own discipline to improve their individual function in 
the construction and real estate process. The output from one package is usually passed to 
another package in the development supply chain. However, such information is rarely useful as 
they are incompatible either in their format, type, language or capability. Consequently, this 
results in what is known as “island of automation”. In order for this individual package to 
communicate with each other (which is absolutely necessary in the whole development process) 
linkages, bridges are needed. And this is currently facilitated by Internet, DXF ferry, Information 
brokers and soon to be completed IFC gate. Thus in the long run, a more sustainable solution is 
to integrate these isolated packages into one big package. The following section considers the 
above survey findings and develops a strategy to meet the IT needs of the construction and real 
estate industry. 
 
 
 
3.0 STRATEGY 
 
In bridging the gap between the current IT literacy and those required by the industry, a 
two prong approach is proposed. In the short term, relevant IT modules that are urgently 
required by the industry should be incorporated into the existing Construction and Real 
Estate courses. In the longer term, a completely new Construction and Real Estate IT 
(CREIT) course is proposed. The two approaches are described below. 
 
3.1 Short-Term Strategy I: Incorporating IT Modules into Existing Courses 
Most construction and real estate professionals acquire their knowledge through diploma and 
undergraduate courses before embarking on their career in the industry. It is generally agreed 
among educationalists that young people’s minds are formed by their time in higher education. 
Therefore, perhaps the best way to build up a substantial pool of knowledge workers; well 
equipped with relevant IT knowledge, skills and the right attitude, is through formal construction 
and real estate courses.  
 
The survey has shown that most professionals are currently using or feel that the following IT 
technologies will become important in their professions: 
• CAD Technology 
• Electronic Transaction (Internet and communications/networking)  
• Specialised Package (to improve construction and real estate proceses) 
• Database technology 
 
Thus it is proposed that the IT modules as shown in Table 4 should be incorporated into 
Construction and Real Estate course. However, it is also noted that, the amount of time 
available to each construction and real estate course in covering a whole range of syllabi (which 
include aspects such as construction technology, construction and real estate management, 
law, environment and health, etc.) is limited. Consequently, the curriculum can only cover the 
very basic and fundamental IT applications such as CAD, estimating and planning software, 
spreadsheets, the Internet, etc. This phenomenon is supported by research conducted by 
Barnard (1996) on the teaching of IT skills in higher education. The research found that higher 
education institutions tend to adopt a laissez faire approach, which limit their delivery to basic 
low-level hardware skills and industry specific software tools.    
 
This is very different from the much-needed integrated approach advocated by Egan and other 
reports for industry improvement. Thus, the advocated culture of teamwork and multidisciplinary 
collaboration cannot be fostered through such courses nor prepare construction professionals 
with the right IT knowledge and skills in the long run. 
Construction and Real Estate IT Education: Needs and Strategy  
 
ERES 2003 7
 
 
Table 4: Proposed IT Modules  
 
 
3.2 Short-Term Strategy II: Continuing Professional Development 
 
While short term strategy I aims to train students of construction and real estate courses, 
another strategy is needed to equip existing construction and real estate professionals with the 
IT skills. This takes the form of continuing professional development. 
 
In today’s rapidly changing and diverse world, lifelong learning will see significant growth. 
UNESCO, OECD and other organisations have documented that mature adults will become an 
increasing presence in many systems of higher education (Ehrman, 1996; UNESCO, 1996). 
Everyone needs to continue to learn throughout their career, both to keep up with external 
developments and to cope with changing roles within the organisation. As the construction and 
real estate industry makes increasing use of Information Technology it will have to continuously 
develop the skills of its members (Construct-IT, 1995).  
 
Many higher education institutions have long established various initiatives (e.g. centres for 
continuing education, distance education programmes, time-compressed degrees) for the adult 
learners. Convenience factors are likely to take greater importance in the emerging era of 
electronic, virtual learning. Adult learners no longer need to search for convenient locations or 
course schedules that fit around their work hours; they can instead, work at their own 
computers, at home or at the office, at whatever hours they wish, and still receive full access to 
electronic lectures, multi media presentations, or electronic interaction opportunities with tutors 
and other students. 
 
However, due to the amount of time available to these professionals to attend a prolonged and 
comprehensive course of construction and real estate IT, any attempt to develop relevant IT 
courses to such professionals will need to consider only the most relevant IT skills to their jobs.   
This would mean many discrete short courses of specific IT applications to suit different needs. 
These short courses are the preferred method as it can develop new skills quickly and lay the 
foundation for future learning. For example, to meet the immediate needs of the industry, short 
courses in specialised software for CAD, Cost Estimating and Facilities Management will be 
useful since most organisations are only willing to invest in training, which is specific to their 
needs. This approach, however, will not solve the industry problems of fragmentation because 
such short courses, usually conducted over many discreet short time periods, will at best 
address the shortages of specific IT skills in the short term. The fact remains that such avenues 
to address the construction IT skills are ineffective for building substantial big pool of IT 
CAD Technology 
 
-Basic CAD 
-Object CAD 
-CAD object definition 
-CP code 83 
-Auto report generation  
directly from CAD 
drawing 
-Advance manipulation 
of the extracted report 
Electronic Transaction 
 
-E-Business 
-E-Tendering 
-E-Procurement 
-E-Bidding 
-E-Submission 
Specialised Package 
 
-Project Management 
• E-Collaboration 
• Scheduling 
-Estimating 
• CP Code 80 
• Catopro, CEMS 
-Measurement 
• CEMS 
-Property and Facility 
Management 
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knowledge workers in the construction and real estate industry. Success in creating 
improvements to the performance and efficiency of the industry will thus be impeded. 
 
 
3.3 Long-Term Strategy: A new course with IT as Main Theme  
 
Many graduates today have been educated and trained within the tramlines of a narrow 
specialisation. Increasingly, the construction professionals that will be sought are those able to 
combine their technical skill and competence with business understanding and abilities to 
manage both people and projects.  
 
Consequently, Egan (1998) noted that a “new breed of people” is required who would only 
emerge from a completely different approach to the nature of construction and real estate 
education. IT will be the technical key to all of this.  
 
IT as the main theme would result in a future that does not require lines of professional 
demarcation and educators must therefore prepare students for this future. Curriculum review 
should begin by considering the basic functions and operations involved in the development 
processes, rather than deriving the functions from existing professional disciplines. This does 
not necessarily implies to the demise of professional disciplines, what it will do is foster greater 
understanding and collaboration between them. 
 
 
3.3.1 The proposed  Construction and Real Estate  IT (CREIT) Course 
 
Strategically, the proposed CREIT course is structured by weaving vertical and horizontal 
integration into the curriculum. The horizontal integration will bring about more breadth in the 
curriculum. Broader knowledge provides graduates with more synthesising capabilities and 
ability to communicate with people from all disciplines. This can provide solution to the current 
construction and real estate industry, which is known to consist of a fragmented supply chain 
with poor cross-disciplinary communication. The vertical integration, on the other hand, 
structures the content in sequence from simple to complex. This provides a clear picture to 
learning, as students are able to understand how the knowledge is developed and organised in 
the course. In addition, it can help students to learn concepts and principles that will be 
important to them in the working world. This serves to integrate the various modules and 
construct a coherent course so as to prepare students with the competency to perform well in 
the construction and real estate industry. 
 
3.3.1.1 Horizontal Integration 
Horizontally, the course is built conceptually upon four main themes: Construction Technology; 
Management; Design; and Information Technology. The emphases are on multidisciplinary 
content, teamwork and communication, open-ended problem formulation and solving.  IT will 
form the “backbone” for the other three themes in the CREIT course and their relationships are 
as shown in Figure 2. 
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Construction Technology 
Students need to be equipped with this fundamental knowledge to facilitate their ability to 
innovate and to improve the construction process. In understanding the construction technology, 
students will be able to know where improvements are needed and which part of the technology 
can be automated and supported by IT applications.  
Management 
A significant observation made in the real estate development process is the extent to which 
management expertise tends to lag behind the technological advances. Williams (1996) in his 
study of the needs of science graduates concludes that there is a need to provide management-
based curricular to enable students on non-management degrees to develop skills that the 
employers were looking for. In addition, module such as strategic management helps them to 
apply IT strategically instead of pure automation, which is highly evident in current industry 
practice.  
Design 
The innovation of design is extremely important since this is what gives towns and cities their 
landmarks and places of interest and affects the performance of the building. Before the 
buildings and structures are actually constructed, it has to go through many stages of design 
and planning to ensure the right structures are built. To achieve this end, this framework of 
CREIT propose that students need to understand how drawings are produced; the history of 
architecture and its design principles; the planning of land and its uses; what are the 
environment and health issues that will affect the design; and how to determine and evaluate 
the performance of the buildings. This can foster the aim of building a multidisciplinary 
perspective and enhance understanding and communication amongst all participants. 
Furthermore, Kirk and Mulligan (1996) argued that design modules such as technical drawing 
could enhance students’ critical thinking by exercising their right brain. This helps to fully 
develop students thinking process, and increase their chances of success in the construction 
industry. 
Information Technology 
This theme is the main component of the course. With the advancement of IT in recent years, IT 
has been proposed as the tool that can provide the breakthrough for construction and real 
estate industry to improve its performance. IT can be used to create new products and methods 
of construction and real estate processes and business to help organisations achieve 
competitive advantage. To achieve the goal of producing students armed with the toolkit of IT 
knowledge and skills, the proposed IT theme will include many areas where IT have and are 
expected to have applications to improve the industry performance. The modules proposed 
 
 
 
 
Management 
 
 
 
Technology 
 Design 
IT
Figure 2: Relationships between Themes 
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range from basic computing, communication technology and programming to applications in 
construction such as building performance analysis, document management, integrated 
database, artificial intelligence, virtual reality and multimedia.  
 
Whist these are specific modules on IT, the students are also expected to demonstrate 
competence in the use of appropriate software and methods, particularly in the integrating 
project, system development, integrated environment, information modelling, etc. 
 
3.3.1.2 Vertical Integration 
A “spiral” curriculum is proposed with the course starting at the centre; as it progresses, it 
expands outwards and grows until it reaches its outer boundary in the final year. The four 
themes progress through the spine of the curriculum from an introductory level to advance level 
(See Figure 3). Later modules build upon earlier ones as students gain specific knowledge and 
skills. This structure that is based on main themes provides students with a picture of the way 
knowledge is developed and organised. It is proposed that a CREIT course should develop a 
depth understanding and a maturity of thinking in addition to a repertoire of specific knowledge, 
facts and details. The division of modules into levels (introductory, intermediate and advance) 
provides the appropriate hierarchical framework for the overall curriculum. The size of the IT 
theme represents an appropriate balance between IT knowledge and skills and the 
requirements of other construction and real estate disciplines. 
 
The introductory level covers foundation modules for all themes. This curriculum gives students 
a good understanding of the whole nature of construction and real estate, which they can build 
on in the following two years. It provides a platform to address fundamental questions about 
what we need to know about human habitats and work places. These modules formed the basis 
of the course and in the subsequent two years every curriculum item is dealt with in greater 
detail.  
 
In the final year, modules such as Strategic IT Management, Information Modelling System 
Development and Integrated Environment are taught. These modules integrate the many 
components, and provide a conceptually advanced view of IT in construction and real estate, as 
well as setting the course into its final state. In addition, a final year integrated project is 
proposed. Integrated project of this kind is seen as a proactive method of fostering learning, 
enable students to experience working together and appreciate the abilities and roles of others.  
 
The modules proposed for each of the themes progressing from introductory level to 
intermediate and advanced level are summarised as shown in Figure 4.  
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Introductory 
Year 1
Intermediate 
Year 2
Advanced 
Year 3
Basic Theory 
Application 
Integration 
Technology 
Management Information 
Technology
Design 
Figure 3: Themes run through all three phases of the curriculum 
Adapted from Bligh (1999) 
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4.0 CONCLUSION 
 
This paper has sought to present the survey findings on the IT needs of the construction and 
real estate industry. The findings suggest a need to review the existing curriculum. To 
implement the proposed changes, a short and long term strategy is needed. The short term 
strategy is needed to address the immediate needs of the industry. However, such strategy may 
not be sufficient to propel the industry forward in the long run as it concentrates too much on 
functional automation. The longer term strategy which is based on an interdisciplinary approach 
is considered as a better way forward. However, it is not easy to adopt such an approach for 
several reasons. Firstly, the industry itself may not be ready to absorb any of such graduates 
trained in an interdisciplinary approach as most of them are still practicing based on their own 
functional discipline. Secondly, the adoption of IT in the construction industry has been slow 
compared to other industries. As such many of the graduates trained via an IT based 
interdisciplinary approach may find limited avenues to put their IT skills and knowledge into 
 
 
 
 Strategic IT 
Management 
 Information Modelling 
in Construction & 
Real Estate 
 System Development 
 Integrated 
Environment 
 Integrated Project 
Themes Introductory Intermediate Advanced 
Information 
Technology 
 Internet & E-Business
 CAD 
 Computer 
Programming 
 Spatial Data 
Management 
 Building Performance 
Analysis 
 Databases 
Management 
 Knowledge 
Management
Design 
 Technical Drawings 
 History of Architecture 
 Land Planning & 
Development 
 Environment & Health 
 Building Performance 
 Design Theory 
Technolog
y 
 Construction 
Technology 
 Building Services 
 Plant & Materials 
 Conservation & 
Defects 
 Quantity Surveying 
 Safety & Productivity 
Manageme
 Management Theory
 Economics 
 Law 
 Finance & Account 
 Project Management 
 Facilities & Property 
Management 
 Real Estate Finance & 
Investment
Figure 4: Themes and Module Relationships 
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practice thus creating frustration and doubt on the usefulness of such a course. Thirdly, the 
lecturers’ may not themselves be ready for such a venture as they were trained in the traditional 
framework of construction education, i.e., according to the professional disciplines.  
 
In conclusion, the success of implementing the long term strategy hinges upon the increasing 
acceptance and adoption of information technology by the industry players in their business 
processes. In the meantime, construction and real estate education providers can continue to 
train their students for immediate needs via the introduction of IT modules in their existing 
courses or conduct relevant continuing professional development courses in information 
technology.  
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